Existing Irish hospital bed capacity is low by international standards while Ireland also reports the highest inpatient bed occupancy rate across OECD countries. Moreover, strong projected population growth and ageing is expected We project an increased need for between 4000 and 6300 beds across public and private hospitals (an increase of between 26.1% and 41.1%), of which 3200 to 5600 will be required in public hospitals. These findings suggest that government plans to increase public hospital capacity over
the 10 years to 2027 by 2600 may not be sufficient to meet demand requirements to 2030, even when models of care changes are accounted for.
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| INTRODUCTION
As populations age across the developed world, policymakers have become increasingly concerned, inter alia, with the effect this phenomenon may have on future demand for health care and the resources required to meet this demand. Ireland differs from many other European countries in recent and projected rapid population growth, while the population is also ageing. The application of the newly developed HIPPOCRATES macrosimulation projection model for Irish health and social care has shown that Ireland can expect significant increases in demand for all types of health care by 2030. This analysis projected demand for public hospital inpatient bed days to increase by between 32% and 37% and private hospital inpatient bed days to increase by 28% to 32%, between 2015 and 2030, respectively. 1 In a further application of the HIPPOCRATES model, this paper examines potential demand for acute hospital bed capacity under alternative assumptions about population growth, healthy ageing, unmet demand, hospital occupancy, and potential reforms to rebalance care to nonhospital settings. This is in the context of a National Development Plan published by the Irish government in 2018, which in recognition of increased pressures on demand for health care in Ireland commits to investing in additional acute hospital and long-term care capacity by 2027. 2 Whereas in other EU countries, there has been a focus on reducing hospital bed capacity in a shift of focus to delivering more care in primary and community settings, 3 the magnitude of demographic pressures in Ireland has informed the recent recognition of a need for investment in capacity across all sectors. The Irish health care system is furthermore unusual within a European context in not having developed universal access to care, with the majority of the population paying fees to access general practitioner (GP) care. 4 There is now however cross-party political consensus that the system should be reformed to introduce universal free GP care, a reform which if implemented and adequately resourced could assist in reducing pressures on the hospital system.
| BACKGROUND

| Overview of financing and provision of health care in Ireland
Total current health expenditure in Ireland has been estimated at €19.9bn (7.8% of GDP) in 2015. 5 Government financing accounts for the largest share of this expenditure (69%), followed by out-of-pocket payments (15%), voluntary health insurance (13%), and other voluntary sources (3%). Eligibility for publicly funded health care in Ireland is complex and consists of multiple tiers. Medical cards and GP visit cards are provided based primarily on age and/or means-tested grounds. Medical card holders can access a range of public health care services without charge. General practitioner visit cards provide free care for GP visits only.* Ireland is the only European system that does not offer universal coverage for primary care. 6 The majority of the population pays relatively high private fees for GP visits.
Ireland was found to have the highest formal copayments for primary care among 31 European countries examined.
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*For more information on eligibility for health care services in Ireland, see Wren et al. 1 In terms of provision, the current model of health care delivery is often described as fragmented with much focus on acute treatment. 8 Hospitals account for over a third of all current health care expenditure (35%), the largest share of all providers. Most hospital care in Ireland takes place in public hospitals which can be either privately or publicly financed. In 2015, 85% of all inpatient bed days and 69% of all day patient care 1 was provided in these hospitals. The remainder of hospital services are provided by independently funded private hospitals. Traditionally, private hospitals have engaged in the provision of elective procedures and diagnostic testing with complex care and emergency care more likely to be delivered in public hospitals. 9 Those who opt to pay privately for care in public and private hospitals would face high fees if uninsured. † Consequently, private care is predominantly funded through private health insurance which has traditionally been supported by the Irish State through, for instance, public subsidisation of insurance premiums.
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| Acute bed capacity in Ireland
In recent times, Ireland has experienced rapid population growth, which is unusual in a European context. For instance, between 1996 and 2016, Ireland's population increased by 31% (or 1.14 million) relative to average population growth across the EU 28 of 6% over this period. 1 And although Ireland's population has traditionally been defined by a favourable age profile, the absolute population volumes in older age cohorts have grown rapidly.
Between 1996 and 2016 the population aged over 65 grew by 54%.
1
While these demographic changes have placed upward pressure on demand for hospital care, over the last number of decades, available bed capacity in Ireland has fallen significantly. This is partly a result of two periods of austerity, the first in the 1980s and the second following the 2008 financial crisis, which led to instances of large reductions in public expenditure on health care, particularly hospital expenditure. 12 This manifested itself through a fall in inpatient beds in public hospitals from 15 111 in 1980 to 10 411 by 2013.
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As a result of this mismatch between population growth and supply of beds, Ireland reports a relatively low number of hospital beds per capita in an international context. In 2015, Ireland reported 2.8 ‡ curative (acute) care
beds per 1000 population, compared to the OECD average of 3.8 (see Figure 1) . Furthermore, public hospitals in Ireland are currently operating at close to full capacity. Figure 1 shows that Ireland had the highest bed occupancy rate (94.7%) across 27 OECD countries in 2015, well above the OECD average of 75.7% and the often referenced 85% rate above which risks to patient safety may arise. 13 High bed occupancy rates have been linked to the spread of drug-resistant infections in hospitals, risks to hospital staff welfare, and increased patient mortality. 14, 15 Other manifestations of the under supply of acute beds relative to population include increasingly large and lengthy waiting lists for elective public hospital care and increasing numbers of patients forced to wait on trolleys in public hospitals prior to a bed becoming available. By 2030, Ireland's population is projected to continue to grow dramatically placing further pressure on demand for hospital care among other health care services. 1 Specifically, Ireland's population is projected to grow by between 14% and 23% between 2015 and 2030 with the greatest relative increases observed in older ages. Numbers of people aged 85 and over are projected to almost double over this period.
| Health care system reform
Recognising the need to address capacity shortages in the hospital sector and the consequences of Ireland's growing and ageing population on future demand for health care, the Irish government published a National Development Plan in 2018 committing to provide an additional 2600 public hospital beds by 2027. 2 This bed figure is based on optimistic assumptions about the impact of proposed reforms to shift care away from the acute sector † Private care in public hospitals, for instance, can cost up to €1000 per night. through significant investment in primary and social care settings. 8 This includes introducing free GP care to the entire population along with expansion of other primary care, residential long-term care, and home care services.
However, the plan's bed target was informed by a capacity review commissioned by the Department of Health, which acknowledged that it was not possible to predict the effect of reforms to achieve such a shift with any real certainty. 16 In fact, empirical evidence on the substitutability between acute and nonacute care is varied and depends on the context and service under consideration. As noted by Kaestner and Lo Sasso 17 most experimental and observational evidence from the United States which examines the effect of health insurance (which increases primary care use) on hospitalisations, is mixed. [17] [18] [19] [20] [21] More broadly, however, there is evidence internationally that investment in primary care may impact on hospital demand through reducing risk of avoidable hospitalisations. 22 Avoidable hospitalisations relate to conditions for which hospitalisation can be considered avoidable through timely and effective utilisation of nonacute care, and these rates are often used as a marker of primary care quality. 22, 23 Admissions relate to both chronic (eg, diabetes, COPD) and acute conditions (eg, influenza and pneumonia). Other literature supports the idea that continuity of primary care (seeing the same clinician over time) is an important consideration in reducing acute care use. [24] [25] [26] Specific to Ireland, no relationship between eligibility for primary care services in older populations and hospital use 27 or avoidable hospitalisations 28 has been found.
More consistent and positive evidence appears to exist on substitutability between hospital care and long-term care, 29, 30 and availability of care home beds can encourage timely discharge from the hospital. [31] [32] [33] For instance, a 10% increase in care home beds could reduce social care delayed discharges by between 6% and 9%. 32 Other evidence has shown that home care for the elderly can also be an effective substitute for hospital care. . This was the first time that activity in private hospitals across the entire age distribution has been estimated for Ireland.
| METHODS
| Projecting demand and capacity
Base year and projected profiles of demand and capacity in this analysis are generated through the HIPPOCRATES macrosimulation model of Health Care Demand and Expenditure, developed in the ESRI. 1 The model begins by estimating SYOA a and sex s day patient case and inpatient bed day activity rates R in public and private hospitals for the base year, 2015. Demand for care in the base year and each jth projection year (where 0 < j ≤ 15) is estimated by multiplying base year activity rates by age-specific and sex-specific projected population volumes for projection year j and then summing across all age and sex cohorts. In the first instance, we assume activity rates R remain constant through the projection horizon; however, this assumption is also relaxed (see Section 4.2).
Demand is then converted into capacity requirements following the OECD definition of "available beds", ie, "hospital beds which are regularly maintained and staffed and immediately available for the care of admitted patients". 37 This is done by dividing our aggregated bed days estimate D(2015 + j) by 365×OR where OR represents our assumed bed occupancy rate.
For public hospital inpatient beds, we assume an occupancy rate of 94.7% in line with published average occupancy rates for this sector in Ireland. 38 For private hospital inpatient beds in the absence of any published occupancy rates and where levels of occupancy are likely to be lower, we assume a rate of 85.0%. This is an often-cited threshold above which concerns for patient safety may arise. 13 For day patient cases for public and private hospitals, we assume an occupancy rate of 133%. § §
The recorded number of day patient beds (2026) and day patient cases (1 025 797) in public hospitals in 2015 suggests occupancy of just over one and a third day patients per bed per day. In the absence of similar private hospital information, we assume the same occupancy.
As noted in Wren et al 1 it has been estimated that private insurance accounts for over 92 per cent of private hospital financing. However, we capture an even greater percentage of activity as even part-insurer financed care is included in activity estimates.
| Adjustments to model input parameters
Given the uncertainty inherent in any projection exercise, we make a number of adjustments to key input parameters to assess their effect on baseline demand and capacity projections.
| Population growth
The first adjustment we make is to replace our central population growth projections with a high population growth alternative. The high population growth assumes more optimistic life expectancy, greater net inward migration, and higher fertility rates. See Table A1 for details.
| Healthy ageing
A key assumption in our projections is the relationship we assume between future ageing and health status which will impact on future demand and as a consequence capacity requirements. In this analysis, we focus on 2 important healthy ageing hypotheses. The pessimistic "expansion of morbidity" (EM) hypothesis assumes that additional life years gained are spent in bad health. Assuming activity rates as a proxy for morbidity, this is tantamount to keeping activity rate profiles constant through the projection horizon. The more optimistic "dynamic equilibrium" (DE)
hypothesis posits that as life expectancy increases, all gains in life expectancy are spent in good health (or mild ill health) and involves shifting activity rates to the right by 1 year for each additional year of life expectancy. ¶ A technical explanation of this approach, based on an approach adopted by the European Commission, 39 is provided in Wren et al. 1 In Table A2 , we also examine the effect of a more optimistic "compression of morbidity" hypothesis where activity is shifted at 1.5 times the change in life expectancy.
| Unmet demand
As described, unmet demand for public hospital care has manifested itself in terms of large waiting lists for elective public hospital care. We incorporate this unmet demand for care into our projections through calculating a rate of unmet demand (R ud ) in 2015 and adding this to our base activity rate (R) to estimate an unmet demand-adjusted activity rate (R ′ 
| Occupancy rates
This assumption linearly converges Ireland's public inpatient hospital bed occupancy rate from its current position as the highest in the OECD (see Figure 1 ) to 85% by 2030. We linearly converge rates based on the following formula 
| Average length of stay
This assumption reduces public hospital inpatient average length of stay (ALOS) from 6.4 days in 2015 40 to 5.8 days by 2030 (the OECD average in 2015 was 7.8 days). Lower ALOS is often considered as a sign of improved efficiency in that shorter hospital stays reduce cost per discharge and shift care from inpatient to less costly postacute settings.
** As discussed in Section 2.2, there is evidence to suggest investment in long-term care and home care can reduce demand for hospital care, for example, through reducing delayed discharges. An ALOS of 5.8 days also corresponds with the current ALOS reported by Sweden, a country with low acute bed capacity (Figure 1 ) but close to the top of OECD ranking in terms of long-term bed capacity (Ireland's long-term bed capacity is currently half that of Sweden's at 6.4 beds per 1000). 41 
| Avoidable hospitalisation
As described in Section 2.2, the rate of avoidable hospitalisations is often considered a sign of primary care quality and better access to primary care has been associated with lower rates of avoidable hospitalisations internationally.
In that regard, this assumption simulates the impact that improved investment in primary care (including the removal of GP user fees) might have on hospital bed capacity through reducing avoidable hospitalisations.
We model this assumption as follows; We adjust our baseline age-specific and sex-specific activity rates in 2015 by removing hospital activity related to avoidable hospitalisations (R ah ). Our β parameter specifies the extent to which the avoidable hospitalisation rate is reduced. In line with previous analyses, avoidable hospitalisations are only recorded for (nonmaternity) inpatient emergency activity. 42, 43 In total, we capture 19 conditions, † † based on ICD-10-AM coding as reported in Ansari et al. 43 Data limitations do not allow us to capture avoidable hospitalisations in private hospitals although as private hospital care tends to focus more on elective treatment, it is unlikely that a significant volume of avoidable hospitalisations are recorded in private hospitals. As discussed, Irish evidence has suggested that increased primary care eligibility for older populations did not significantly impact on rates of avoidable hospitalisation. Nevertheless, for the purpose of this projection exercise, we set β = 0.33. This assumes that primary care reforms would reduce avoidable hospitalisations by a third. For simplicity, and perhaps optimistically, we assume a reduction of 0.33 across all age groups and eligibility classes. In Table A2 of the Appendix, however, we vary these assumptions.
| Projection scenarios
For the purpose of this analysis, we combine assumptions related to projections of bed capacity into 6 scenarios, listed in Table 1 . Scenario 1 acts as our comparator scenario. Scenarios 2 through 6 then vary assumptions relating to healthy ageing, population growth, unmet demand, public hospital occupancy rates, public hospital inpatient ALOS, and avoidable hospitalisations. A sensitivity analysis is presented in Table A2 which examines the percentage change in projected capacity if key assumptions are altered independently of others.
**At the same time, however, premature discharge from hospital may be detrimental to outcomes and increase the chance of readmission to hospital.
40 † † The full list of ACS conditions considered in this analysis are influenza and pneumonia, other vaccine preventable, asthma, congestive heart failure, diabetes complications, chronic obstructive pulmonary disease (COPD), nutritional deficiencies, iron deficiency anaemia, hypertension, dehydration and gastroenteritis, pyelonephritis, perforated/bleeding ulcer, pelvic inflammatory disease, ear nose and throat infections, dental conditions, convulsions and epilepsy, gangrene, cellulitis, and angina.
| FINDINGS
| Hospital capacity in 2015 base year
In 2015, we estimate just over 15 400 available acute hospital beds in the Irish system. Over 12 300 of these (80.1%) are estimated to be inpatient beds, with the remainder day patient beds. Public hospitals in Ireland are estimated to account for over 80% of all hospital beds in 2015, see Table 2 . We assume no healthy ageing shifts for any care classified as maternity. All maternity care in Ireland takes place in public hospitals. Table 2 also provides projections of additional acute hospital bed capacity in Ireland in 2030. Underlying these large increases in bed capacity need are large projected changes in the size and structure of the Irish population over the coming years driving increased demand for health care, with adjustments to key drivers providing our projection range.
| Projections of hospital bed capacity in 2030
In public hospitals, we project an additional 480 to 670 day patient hospital beds (22.8% to 31.7% increase) and an additional 2600 to 4900 inpatient public hospital beds (25.3% to 47.7% increase), by 2030. Our comparator scenario, scenario 1 (S1) projects a requirement for an additional 670 day patient beds and 4400 inpatient beds in public hospitals by 2030. Relative to S1, incorporating healthy ageing dynamic equilibrium effects in S2 (and is also included in all subsequent scenarios) reduces additional bed requirements for both day patient (to 480 beds) and inpatient care
(to 3000 beds) substantially. Failure to account for healthy ageing effects, all else equal, may therefore lead to an overestimation in future bed requirements. Relative to S2, combining dynamic equilibrium and a high population growth alternative (S3) increases additional bed requirements to 590 beds for day patient care and 3600 for inpatient beds. Scenario 4 builds on assumptions in S2 to incorporate the effect of addressing unmet demand and increases additional day patient bed need to over 600 beds and inpatient bed need to nearly 3400 beds by 2030 (relative to scenario 2). The relatively modest effect on inpatient bed capacity requirements relates to the fact that unmet demand is for elective bed days only, which represent less than a fifth of total inpatient public hospital bed days.
1 Scenarios 5 and 6 vary assumptions for inpatient public hospital bed capacity only. Building on S4 assumptions, we observe that a significant investment of nearly 5000 additional inpatient beds would be required by 2030 to reduce the average occupancy rate to 85%. Incorporating assumptions on healthy ageing, unmet demand, and lower bed occupancy, S6 simulates the effect on acute public hospital bed capacity of a change in the model of care with greater investment and access to primary and social care services. This is realised through reducing public hospital ALOS and the avoidable hospitalisation rate. In combination, these assumptions have the effect of moderating additional public hospital inpatient bed requirements to 2600 by 2030.
In private hospitals, we project an additional 230 to 330 day patient hospital beds (24.2% to 34.8% increase) and an additional 550 to 870 inpatient public hospital beds (28.1% to 43.9% increase), by 2030. Assumptions on key drivers for private hospital bed capacity projections focus on those incorporated into S1 to S3 only. In our comparator scenario (S1), we project a need for an additional 330 and 870 day patient and inpatient beds, respectively, by 2030. Similar to projections for public hospital beds, we observe a reduction in projected bed need for both day patient and inpatient beds when dynamic equilibrium is introduced in S2 and comparably modest increases (relative to S2) when incorporating an alternative high population growth assumption in S3.
Combining public and private hospital bed projections suggests a need for an additional 4000 to 6300 hospital beds in total by 2030. This is a growth rate in bed supply of between 26.1% and 41.1% between 2015 and 2030.
This reflects a compound annual average growth rate of between 1.6% and 2.3%.
Based on ESRI population figures, we estimate 2.6 acute inpatient beds per 1000 population in 2015. This relates to a public hospital rate of 2.2 beds per 1000 population and a private hospital rate of 0.4 per 1000 population. The projected ageing of the population (under our central population growth scenario) in the coming years will increase demand for hospital care relative to population, and as shown in Figure 2 , the number of beds per 1000 population required to meet this demand will need to rise across all projection scenarios by 2030. Were Ireland's bed supply to remain static and Ireland's population were to change as projected, the supply of inpatient beds would fall to 2.1 per 1000 population. Based on the current inpatient bed capacity rankings (see Figure 1) , this would leave Ireland with one of the very lowest supplies of inpatient beds relative to population in the OECD.
| DISCUSSION
Findings from this analysis suggest that substantial investment will be required to bring Irish acute hospital bed capacity in line with projected demand by 2030. Overall, our findings suggest that an additional 4300 to 6300 acute beds could be required by 2030, assuming unchanged models of care. These large projected increases in demand for hospital beds are primarily driven by the effect of large projected growth and ageing of the Irish population in the coming years-even though all but one of our scenarios model relatively optimistic ageing assumptions. However, what is clear is that failure to invest in hospital system capacity, given population changes, is not a viable option. Particularly important is investment in public hospital bed capacity where the majority of projected need for additional beds arise-this equates to an additional 3500 to 5600 beds, assuming unchanged models of care. Aside from the impact of population growth and the relationship of health to ageing, the range reported also includes additional bed capacity required to address unmet demand for elective hospital care and to reduce high bed occupancy rates. Lowering inpatient bed occupancy rates to more acceptable levels, particularly, will require a significant increase in capacity.
Recently, reform proposals have suggested that increased investment and access to primary and social care will help reduce the level of need for additional hospital beds over the next number of years. However, international evidence on substitutability of acute and nonacute care is mixed. Although limited, existing Irish evidence does not support the view that changing eligibility status for primary care impacts on acute care use.
In one of our projection scenarios, we adopted an optimistic approach to the impact that changing models of care may have on projected demand for public acute bed capacity through reducing the rate of avoidable hospitalisations by a third and reducing public hospital ALOS by 10% by 2030. If these assumptions were realised (along with healthy ageing effects, the realisation of unmet demand and reduced occupancy rates), we estimate that an additional 3230 public hospital beds would be required by 2030. This suggests that the Irish Government's National Development Plan commitment to increase public acute bed capacity by 2600 in the years to 2027 may not be sufficient to meet demand to 2030. This optimistic lower projected public hospital bed requirement assumes that investment in primary and social care will reduce projected additional acute care demand. However, as discussed, it is difficult to find clear evidence for such substitution effects. Furthermore, implicit in this scenario is substantial expansion in long-stay places and primary care staffing, over and above the projected increases required due to population growth and ageing.
Although the private hospital system is less likely to suffer from issues of unmet demand and high occupancy, changes in the size and structure of the population will mean that a significant increase in capacity is projected for this sector nonetheless-between an additional 780 and 1200 beds. The private hospital system plays an important role in meeting demand for care in the Irish system, and failure to meet projected demand increases for private hospital capacity could have knock on implications for the public system, and vice versa. For instance, the public system makes use of spare capacity in the private hospital system to purchase treatment for public patients on waiting lists. 44 Similarly, underinvestment in public hospital capacity could incentivise greater purchase of private health insurance increasing demand for private hospital services. As a caveat it is important to note that poor data availability on private hospital activity necessitated its residual estimation for the purposes of this analysis. Collection of private hospital data on a similar centralised and definitional basis to public hospitals is required to comprehensively compare public and private hospital activity and future bed capacity requirements.
It was outside the scope of this analysis to examine the capacity implications for public and private hospitals of proposed plans to remove private financing from public hospitals. 8 These projections assume no change in the balance of care between public and private hospitals. Moreover, we did not examine the cost implications, both in and out of hospital, of these bed capacity projections. Relatedly, policymakers will need to be cognisant that increased investment in bed capacity will be of little benefit without related investment in workforce. Current issues in terms of recruitment and retention of medical staff in the public health system particularly need to be addressed as a part of the wider need to increase bed supply.
| CONCLUSION
Existing Irish hospital bed capacity is relatively low by international standards. Most hospital care takes place in public hospitals, and very high bed occupancy rates and long waiting times for public elective care highlight that existing capacity is inadequate. Moreover, projected rates of population increase for Ireland are highly unusual compared to recent European experience, and combined with strong population ageing will increase demand for hospital care
in Ireland substantially by 2030. A failure to invest in capacity would leave Ireland with one of the very lowest supplies of inpatient beds relative to population in the OECD and exacerbate issues of access and unsafe occupancy levels. We project an increased need for between 4000 and 6300 beds across public and private hospitals, of which 3200 to 5600 will be required in public hospitals. These findings suggest that government plans to increase public hospital capacity over the 10 years to 2027 by 2600 may not be sufficient to meet demand requirements to 2030, even when models of care changes are accounted for. There are also requirements for increased capacity and staffing in other sectors, which will be even more substantial with proposed changing models of care delivery. b Here, we simulate the effect of a reduction in the avoidable hospitalisation rate only for those discharges who currently do not benefit from either a medical card or GP visit card (based on age only).
